Abstract Millions of people are infected with human Tlymphotropic virus type 1 (HTLV-1) worldwide; notable endemic areas include Brazil, the Caribbean islands, Iran, and Japan. A small number of those infected develop the progressive neurodegenerative disease HTLV-1-associated myelopathy (HAM), also known as tropical spastic paraparesis (TSP), which is characterized by chronic spinal cord inflammation and accompanying myelopathic symptoms. The corticosteroid prednisolone (PSL) is a classic treatment for HAM/TSP, yet its effectiveness remains controversial owing to insufficient and conflicting studies. We conducted a multicenter retrospective study using data collected by physicians monitoring patients with HAM/TSP at 7 hospitals throughout Japan. The Osame Motor Disability Score (OMDS) was used to evaluate 57 patients treated with low-dose PSL (mean 4.8 mg/day) versus 29 untreated patients. Roughly half of the evaluations spanned < 3 years (Short-Term) and half > 3 years (Long-Term), with a mean of 3.4 years. While the OMDS of most untreated patients remained unchanged in the Short-Term (87%) and worsened in the Long-Term (79%), most treated patients improved in the Short-Term (52%) and remained unchanged or improved in the LongTerm (68%). Overall, the mean change in OMDS per year was -0.13 in the Steroids group and +0.12 in the Untreated group (p < 0.01). This study addressed the effectiveness of PSL for HAM/TSP in 3 novel ways: 1) continuous low-dose administration; 2) comparison with an untreated group; and 3) Long-Term evaluation. These findings provide robust evidence supporting PSL maintenance therapy for HAM/TSP.
Introduction
According to conservative estimates, there are 5 to 10 million individuals infected with human T-lymphotropic virus type 1 (HTLV-1) worldwide, including at least 1 million in Japan [1, 2] . In addition to Japan, the virus is endemic to the Caribbean area and certain foci in South America, intertropical Africa, and the Middle East, especially north-eastern Iran. Indeed, Japan is considered the only highly developed nation severely afflicted, with most other disease foci in medically underserved tropical areas.
A small fraction of those infected develop the progressive neurodegenerative disease HTLV-1-associated myelopathy/ tropical spastic paraparesis (HAM/TSP) [3] . HAM/TSP is characterized by chronic spinal cord inflammation with accompanying myelopathic symptoms, mainly affecting the lower body. One of the hallmarks of HAM/TSP is progressively worsening motor disability, which is often assessed using the Osame Motor Disability Score (OMDS) [4] , a scale ranging from 0 to 13 (Table 1) . Other symptoms include back and leg pain, weakness and stiffness in the legs, numbness and tingling in the legs, urinary urgency and incontinence, constipation, and erectile dysfunction.
Prednisolone therapy for HAM/TSP dates all the way back to the definition of the disease in 1986 [5] , and the stage had already been set for an anti-inflammatory approach long before. In the 1960s, prior to the revelation that HTLV-1 was the causative agent [5] [6] [7] , when the disorder was still characterized only vaguely as TSP or Jamaican neuropathy, autopsies showed that the mysterious symptoms were due to an Binflammatory disease^primarily affecting the spinal cord [8, 9] . Corticosteroids, synthetic versions of natural steroid hormones, had burst onto the scene in the 1940s and were becoming the most widely used and effective treatments for inflammatory conditions [10, 11] . They act mainly by downregulating multiple inflammatory genes, such as those encoding cytokines and chemokines, that may have been activated in the chronic inflammatory process. Prednisone, and its active metabolite prednisolone (the form of the drug commonly administered in Japan), is probably the most widely used, accessible, and affordable corticosteroid for systemic administration; its high glucocorticoid activity makes it a particularly effective anti-inflammatory and immunosuppressive agent. By the 1980s, these and the intravenous (IV) form, methylprednisolone (as well as other immunosuppressants) were already being widely tested in patients with multiple sclerosis [12] [13] [14] , an autoimmune disease of the central nervous system that can present with similar symptoms of neurodegeneration. Accordingly, prednis(ol)one became the first treatment for HAM/TSP, a chronic neuroinflammatory condition with unknown etiology, and remains the most common treatment for the disease today [3, 15] .
Despite the longstanding use of corticosteroid therapies for HAM/TSP, their effectiveness is controversial. There has never been a placebo-controlled trial, and the results from case series and other open-label studies are varied. The findings of such studies will now be briefly reviewed.
First, Osame et al. [5, 16] reported all patients (n = 4) exhibited Bdramatic improvement^after high-dose (30-60 mg/day) oral prednisolone (PSL) and remained stable on a much lower maintenance dose when tapered slowly. That same year, 1987, Vernant et al. [17] reported in passing that PSL, taken by 2 patients at an unspecified dosage, showed Bquestionable effect,^and this study was later cited as evidence for the ineffectiveness of PSL [18] [19] [20] . Comparable studies mentioning anecdotal accounts of PSL ineffectiveness abounded [21] [22] [23] [24] . In a similarly contentious vein, patients on 5-day regimens of high-dose IV methylprednisolone (mPSL) were improved (n = 2) in 1 study [25] and unchanged (n = 3) or only transiently benefitted (n = 5) in another within the same year [26] . The latter study was reinforced when Araújo et al. [19] tried a 5-day course of 1 g IV mPSL in 23 patients with similar results: improvement in pain that declined again within 60 days and no effect on Disability Status Scale (DSS) score. In 1990, Osame et al. [4] put forth the first substantial cohort (n = 65) of patients treated with PSL, starting at 60 to 80 mg every other day for 2 months, tapering down to 5 mg over 6 months, and then ceasing treatment 3 months later. They reported that only 6 patients failed to respond favorably, with many improving by 1 (n = 24) or even 2 (n = 13) OMDS grades; while patients declined after discontinuing treatment, they retained some degree of benefit up to 6 months later. Soon after, Kira et al. [27] reported that patients on 40 to 60 mg PSL over 1 to 4 months (n = 16) showed only minor, subjective benefits that disappeared upon long-term follow-up (roughly 2 years following cessation of treatment) and no change in DSS. By 1996, the Osame group had expanded their PSL cohort to 131 patients: they again reported that PSL was effective, reducing OMDS in 69.5% of patients, and also concluded that PSL was more effective than several other immunotherapies they had tested; however, they conceded that the changes were, indeed, transient [20] . After a decade of relative quiet, Croda et al. [28] reported in 2008 that repeated 3-day courses of 1 g IV mPSL produced changes in Incapacity Status Scale but neither OMDS nor DSS after roughly 2 years (n = 39).
Importantly, none of these studies employed a control group such that the progression of motor disability was compared between substantial cohorts of patients treated with PSL (or IV mPSL) and those receiving no immunotherapy. There were also no long-term studies evaluating the effects of PSL taken continuously over several years. In the present study, we remedy these substantial knowledge gaps, providing important information for treating this rare and devastating disease effectively. We hypothesized that steady low-dose oral PSL effectively slows the progression of HAM/TSP, and we tested this by measuring changes in OMDS with and without treatment over several years in a multicenter retrospective study.
Methods

Study Design
This was a multicenter retrospective cohort study using data collected by physicians monitoring patients with HAM/TSP in hospitals throughout Japan. The objective was to determine if daily low-dose oral PSL ameliorates the symptoms and slows the progression of HAM/TSP. The outcome measure was change in OMDS.
Recruitment and Registration
Requests to perform a collaborative study were sent by email to contacts at 13 institutions in Japan that were expected to be actively monitoring patients with HAM/TSP. Out of those institutions, 6 responded favorably to our request. Therefore, including our own St. Marianna University School of Medicine, 7 institutions participated in this study. At the participating institutions, the attending physicians filled out questionnaires for each of their patients with HAM/TSP who appeared to fit our inclusion criteria (see BSubjects and Data Curation^subsection) using information from their medical charts. They sent these completed forms to our office either electronically or by mail.
Ethical Guidelines, Patient Privacy, and Informed Consent
The study was approved by the St. Marianna University School of Medicine Bioethics Committee (Approval Number: 2254) as well as by the ethics committees of the 6 other participating institutions. In accordance with all ethical guidelines, the principle investigator at each institution made patients aware of this study using posters we provided and gave all patients the opportunity to refuse to participate. All data used in this study were collected during routine medical examinations, and no new interventions were performed on the patients for the purposes of the study. Patient information was anonymized at each institution before sending out the data by assigning patient identification numbers, and no individual can be identified from the information published in this study. Thus, it was not necessary to obtain individual informed consent, and appropriate precautions were taken to ensure the protection of patient privacy. Patient information was not used for anything other than the purposes outlined in this study.
Data Collection
Data were collected between 20 December 2012 and 31 March 2015. These data included: basic information (age, sex, date of birth, and institution at which the patient was monitored), the dates of each milestone (disease onset, first visit at the institution, start of treatment for treated subjects, and most recent visit at the institution), the OMDS recorded at each of those milestones, presence or absence of complications (especially those affecting motor ability), and treatment history (the dosage of PSL and/or interferon (IFN)-α, which are the pharmaceutical drugs used to treat HAM/TSP-related inflammation in Japan).
Patients and Data Curation
Patients who met the inclusion criteria were registered as subjects in this study. These were patients who had been diagnosed with HAM/TSP according to the World Health Organization criteria [29] after cerebrospinal fluid testing and who had been monitored at one of the participating institutions for at least 1 year. Patients were excluded if the attending physician determined that sufficient information to answer the questionnaire could not be obtained.
We received data from 127 patients in total, 13 of whom were then excluded from the data analysis in this paper for the following reasons: insufficient OMDS records (7 patients); lack of motor disability, that is, an OMDS of 0 (2 patients); presence of other conditions that affect motor ability (1 patient with Parkinson's disease, 1 with hip osteoarthritis); low cerebrospinal fluid antibody titer (1 patient); and problems confirming the accuracy of the data obtained (1 patient).
The remaining 114 patients were divided into three groups based on their treatment status during the monitoring period: 57 patients who were continuously treated with PSL only, 29 who were untreated (neither with steroids nor interferon-alpha), and 28 other patients. This group of 28 patients was composed of 12 who discontinued PSL treatment; 2 who were treated with IFN-α; and 14 who were treated with both PSL and IFN-alpha, including 5 who discontinued treatment. In this paper, the PSL group is compared with the untreated group, and the 28 other patients are not included in any analysis. Thus, 86 patients were analyzed as subjects in this study.
Calculations, Variables, and Statistical Analysis
Patients in the study were evaluated based on the following variables: dosage of PSL, period of evaluation, and OMDS. The average daily dose of PSL taken by each of the 57 patients treated during the monitoring period was calculated as a simple average of each recorded dose in the medical records without factoring in the number of days spent at each recorded dose. It was not possible to calculate a weighted average due to the limited data available. In cases where patients were treated every other day instead of every day, the dose was halved to calculate the daily dose.
The start of the period of evaluation was defined as the initial visit at the monitoring institution for those in the Untreated group and as the first day of treatment for those in the Steroids group. The end of the period of evaluation was the date of the final visit at the monitoring institution before the patient's data were transferred to us. The period of evaluation is listed in terms of years but was calculated to the day, such that, for example, the time from 1 January 2000 to 31 December 2000 would be recorded as 0.99 years rather than 0 years.
Patients were divided into groups based on period of evaluation; we decided to divide them into BShort-Term^(<3 years) and BLong-Term^(> 3 years) groups because reports indicated that changes in OMDS typically appear over 3 years, meaning that a typical untreated patient evaluated over at least 3 years would be expected to exhibit an increase in OMDS [30] .
The following potential confounders were identified and evaluated: sex, institution where the patient was monitored, age, and disease duration. Age at start was calculated to the day similarly to period of evaluation. Disease duration at start, that is, the time from onset to start, was calculated using the maximum precision possible for each patient: if only the year of onset was listed, disease duration was calculated roughly by subtracting the start year from the onset year (n = 78); if the date of onset was listed in a specific month, disease duration was also calculated to the month (n = 8).
Categorical variables (sex, institution, short-or long-term period of evaluation, direction of OMDS change) were compared using Fisher's exact test. Numeric variables (age, disease duration, period of evaluation, quantity and direction of OMDS change) were compared using the Wilcoxon rank sum test. Changes in OMDS by baseline score were compared using a stratified version of the Wilcoxon rank sum test, the van Elteren test. The strata for this analysis were baseline OMDS 3 to 4, 5, 6 to 7, and 8 or more. Statistical analyses were performed using R Version 3.3 and JMP®, Version 12 (SAS Institute Inc., Cary, NC, USA).
Results
Average Daily Dose of Steroids for Treated Patients
Out of the 86 patients analyzed in this study, 57 were continuously treated with PSL while under the care of the attending physician who supplied the data from their medical records. Using that data, we approximated an average daily dose of PSL for each patient. This daily dose ranged from 2.3 to 11.7 mg/day, and the median daily dose for all 57 patients was 4.8 mg/day (Fig. 1A) .
Attributes of Patients in the Steroids and Untreated Groups
In order to assess the effects of the steroid treatment, the progress of the aforementioned patients in the Steroids group (n = 57) was compared with that of the patients in an Untreated group (n = 29), who were treated with neither PSL nor IFN-α at any point during the period of evaluation. Attributes of each group, such as sex, period of evaluation, age, and disease duration, were first evaluated to determine if any confounding variables were present.
Approximately 70% of all patients were female, and 30% were male. There was no significant difference between the sex ratio of the Steroids group and that of the Untreated group ( Table 2 ). The overwhelming majority of patients in the Steroids group were monitored at St. Marianna University, whereas roughly equal numbers of untreated patients were monitored at St. Marianna University and at other institutions. Being monitored at St. Marianna University versus another institution had no significant (Wilcoxon/Kruskal-Wallis 2-sample test) effect on outcome within treatment groups.
Slightly more than half of all patients were evaluated for > 3 years (Long-Term), and slightly less than half were evaluated for less than 3 years (Short-Term). The median period of evaluation for all patients was 3.4 years [interquartile range (IQR) 1.8-5.4 years]. There was no significant difference between the Steroids group and Untreated group regarding the percentage of patients evaluated in the Long-Term or Short-Term (Table 3 ). The median period of evaluation was 3.9 years (IQR 1.9-5 years) in the Steroids group and 3.0 years (IQR 1.6-6.1) in the Untreated group (p = nonsignificant; Table 3 ).
The median ages and disease durations of the patients in each group at the onset of HAM/TSP, diagnosis of HAM/ TSP, beginning of the period of evaluation, and end of evaluation are shown in Fig. 1 (B and C, respectively) . While patients in the Steroids group were slightly younger than those in the Untreated group, the differences were never significant. The patients in the Steroids group suffered from HAM/TSP for durations similar to or slightly longer than those in the Untreated group, and again these differences were not significant. At the beginning of the period of evaluation, patients were 58 years of age (IQR 52-65 years) in the Steroids group and 62 years of age (52-68 years) in the Untreated group (p = nonsignificant; Fig. 1B) , and they had suffered from HAM/TSP for 12 years (6-17 years) in the Steroids group and 11 years (6-17.8 years) in the Untreated group (p = nonsignificant; Fig. 1C ).
Changes in OMDS Experienced by Patients in the Steroids and Untreated Groups
Treated patients were more likely to improve than their untreated counterparts (p < 0.01; Fig. 2 ). Only 1 out of 29 untreated patients (3%) improved, dropping from OMDS 4 to OMDS 3 over 3 years (Fig. 2B) . As many as 13 (45%) worsened, and the majority (52%) experienced no notable change in OMDS (Fig. 2D) . By contrast, 20/57 (35%) treated patients exhibited a decrease of at least 1 OMDS grade, including 5 (9%) whose OMDS decreased by ≥ 2 grades (Fig. 2A, C) . However, 14/57 (25%) worsened despite receiving constant treatment, and 23/57 (40%) experienced no notable change in OMDS. The median score for treated patients remained unchanged at OMDS 5 over the course of the period of evaluation; the median score for untreated patients rose from OMDS 4 to OMDS 5 ( Fig. 2A, B) . To summarize, 57 patients were treated with low-dose PSL daily or on alternating days (about 5 mg/day), and over one-third improved by at least 1 disability grade over a mean of 4 years.
Short-Term and Long-Term Effects
A sub-analysis was conducted to compare the effects of the treatment over Short-Term (defined as < 3 years, n = 38) and Long-Term (> 3 years, n = 48) periods of evaluation. The median period was 1.7 years (IQR 1.1-2.1 years) for Short-Term and 5.1 years (IQR 4.3-6.8 years) for Long-Term evaluations ( Table 3) . As shown in Table 3 , there were no significant differences between the Steroids and Untreated groups in terms of age or disease duration, even within the Short-Term and LongTerm subcategories. Similarly, Short-Term patients who were treated and untreated were evaluated for similar periods of time (p = nonsignificant). However, among Long-Term patients, untreated patients were evaluated significantly longer than treated patients (6.1 years and 4.8 years, respectively; p < 0.05).
Over both the Short-Term and Long-Term, treated patients were more likely to improve than their untreated counterparts (p < 0.001 for Short-Term; p < 0.05 for Long-Term). As shown in Fig. 3(A-D) , patients evaluated Short-Term were unlikely to worsen notably, regardless of treatment status: only 3/23 (13%) treated patients and 2/15 (13%) untreated patients exhibited an increase in OMDS. Over the Short-Term, as many as 12 (52%) treated patients showed improvement (Fig. 3C) , while none in the Untreated group did (Fig. 3D) . The median motor disability declined from OMDS 6 to OMDS 5 in the Steroids group (Fig. 3A) , whereas it started and remained at 5 in the Untreated group (Fig. 3B) .
Over the Long-Term, 11/34 (32%) treated patients and 11/ 14 (79%) untreated patients suffered from a worsening of motor disability as indicated by an increase of ≥ 1 OMDS grades (Fig. 3E-H) . Many treated patients (44%) experienced no notable change in motor ability (Fig. 3G) , whereas only 2 (14%) untreated patients were unchanged (Fig. 3H) . While only 1 untreated patient improved, the motor symptoms of 8 (24%) treated patients were alleviated enough to reduce the OMDS by at least 1 grade. The median OMDS remained constant at OMDS 5 for treated patients and rose from OMDS 3.5 to OMDS 4 for untreated patients (Fig. 3E, F) . age and (C) disease duration of patients in the BSteroids^group (blue, n = 57) and BUntreated^group (gray, n = 29) at the onset of human Tlymphotropic virus type 1 (HAM)/tropical spastic paraparesis (TSP), diagnosis of HAM/TSP, and the beginning and end of the period of evaluation (listed from left to right in chronological order). There were no significant differences in age or disease duration between the patients in the Steroids and Untreated groups (Wilcoxon/Kruskal-Wallis 2-sample test, normal approximation)
Effect of Baseline OMDS
The mean baseline OMDS was 5 (IQR 4-7) in the Steroids group and 4 (3-5) in the Untreated group (p < 0.01, Wilcoxon/ Kruskal-Wallis 2-sample test). In order to assess the effect of baseline OMDS on outcomes, patients were stratified into 4 OMDS groups, and outcomes were compared within each stratum (Table 4) . Patients in the Steroids group experienced significantly better outcomes than their counterparts in the Untreated group even when compared within their baseline OMDS strata (p = 0.019, van Elteren test). This result held true both when compared between only Short-Term patients (p = 0.0091) or Long-Term patients (p = 0.031). Importantly, beneficial effects of PSL were not limited to patients with mild disease: 60% of patients with a baseline OMDS > 7 improved with PSL treatment.
Rate of OMDS Change
The rate of OMDS change (ΔOMDS/year) was also calculated for each patient, as described previously by Osame et al. [4] , and there was a mean change of -0.13 OMDS/year in the Steroids group and +0.12 OMDS/year in the Untreated group (p < 0.01; Fig. 4) . The distribution of rates was more positive in the Untreated group, even when evaluating only either Short-Term patients (p < 0.05) or Long-Term patients alone (p < 0.05, Wilcoxon/Kruskal-Wallis 2-sample test, normal approximation).
Discussion
Our study takes a novel approach in several respects. First, we recorded the effects of PSL administered at a maintenance dose, a regimen designed to keep a small quantity of the drug in the body continuously. Our average daily dose of 4.8 mg/ day is roughly equivalent to the maintenance dose Osame et al. [4] transiently employed to taper patients from their initial dose (which was > 10 times greater) ultimately down Patients in the BSteroids^group were treated with prednisolone daily (or on alternating days), whereas those in the BUntreated^group were never treated during the period of evaluation. Period of evaluation refers to the time from start, i.e., the first visit (Untreated group) or first day of treatment (Steroids group), to end, i.e., the most recent visit before their data were transmitted, and this period is classified as either BLong Term^(> 3 years) or BShort term( < 3 years)
Data are summarized using the median and interquartile range. p-values were calculated using the Wilcoxon/ Kruskal-Wallis test (2-sample test, normal approximation) *Significant at p < 0.05
Disease duration = period from disease onset to start; IQR = interquartile range to 0. The implication of the study by Osame et al. [4] and other similar studies is that the initial dose exerts a positive therapeutic effect and the maintenance dose merely helps extend that effect. Here we observed the effects of the maintenance dose itself over time. Owing to such differences in dose, as well as in duration of the study, it is not meaningful to directly compare our results with those of previous investigations. A second novel aspect of our study is that we evaluated the effects of PSL on a group of patients by comparing their progress against that of an Untreated group. Previous studies evaluated the effects of PSL on their patients by looking for substantial improvements [4, 5, 16, 17, 19, 20, [25] [26] [27] [28] , whereas we also looked for an absence or slowing of disease progression associated with the treatment. Patients were prescribed treatment or left untreated by their physicians based on their individual needs and preferences. In other words, we did not sort patients into the two groups controlling for confounding variables such as age, sex, or disease duration. Instead, we retrospectively analyzed the two groups to assess the presence or absence of significant differences in those variables, and we found none.
We did note, however, that the mean OMDS at the start of evaluation was lower in the Untreated group (OMDS 4 vs OMDS 5; p < 0.01), which was to be expected: physicians are more likely to risk the side effects of daily steroids to treat patients exhibiting more severe HAM/TSP symptoms. However, when we performed a stratified analysis controlling for baseline OMDS, we found that the steroids retained their significant beneficial effects. The same color code applies to both the parallel plots and pie graphs: green for improved, blue for unchanged, and red for worsened OMDS. In the parallel plots, each patient is represented by a line drawn between the OMDS at the start of evaluation (on the date of the first treatment for patients given steroids; on the date of the first visit for untreated patients) and the OMDS at the end of evaluation (on the latest visit with the attending physician before their data was transmitted). In the case that identical OMDS values were recorded for multiple patients, the lines representing those patients overlap and appear as a single line. The median OMDS (and interquartile range) for each group at each time point is noted below the parallel plots. While the parallel plots show the magnitude of change in OMDS, the pie graphs show the number of patients who experienced any improvement or worsening in OMDS. Patients in the Steroids group were significantly more likely to improve than those in the Untreated group (p < 0.01). The p-value was calculated using Fisher's exact test (2-tailed) We also noticed that most treated patients were monitored at the St. Marianna University clinic, which likely reflects that patients experiencing severe symptoms chose to travel to this clinic, even when other hospitals were closer, to seek counsel from the HAM/TSP specialists there. Clinic choice had negligible effect on outcomes within treatment groups, and we do not consider it to be a confounding variable.
Owing to the study design, we were, of course, unable to administer a placebo drug to the Untreated group. This inability to account for the placebo effect is a natural limitation of many observational and retrospective studies, which are necessarily open-label. One method of overcoming this limitation is to compare the effects of PSL with those of other therapies, as Nakagawa et al. [20] have done. While we did receive some reports of patients treated with IFN-α or other therapies, there were not nearly enough patients treated continuously with a rival therapy to constitute a group for statistical comparisons. Even though our study falls short of the gold-standard, double-blind, placebo-controlled trial, our findings provide the most robust evidence to date of the effectiveness of oral corticosteroids for slowing the progression of HAM/TSP.
The third, and final, novel aspect of this study is the emphasis on the effects of Long-Term systemic corticosteroid use on patients with HAM/TSP, specifically longer than 3 years, which had never been evaluated before. The fact that most patients treated with PSL did not experience a worsening of motor disability over the long-term (roughly 5 years) was remarkable for a disease known to be chronically progressive. Indeed, our own data showed that patients left untreated for similar periods of time (roughly 6 years) almost always (11/14 patients) progressed by at least 1 OMDS grade. Unfortunately, the untreated patients in the Long-Term category happened to be evaluated slightly longer than their treated counterparts (6.1 vs 4.8; p < 0.05), and this constitutes a confounding variable. However, it is generally well established that patients with HAM/TSP gradually become worse over time, not better (see reviews of HAM/TSP [3, 15] ), and it is therefore meaningful that one-quarter of these treated patients not only managed to avoid deteriorating, but actually improved by at least 1 OMDS grade. In the present study, with the exception of only one extreme outlier (Fig. 4) , no untreated patients improved in either the Long-Term or the Short-Term group.
It should be noted that not only was this study national in scope, but the data suggest that our patients were a nationally representative sample: demographics and clinical features were similar between this study and our nationwide epidemiological study, in which 74.2% of respondents were female and reported an age of onset of 45 years old, age at diagnosis of 53 years, age at presentation of 63 years, and disease duration of 17 years [30] . Thus, though not without its limitations, our study suggests that PSL effectively slows, stops, or even somewhat reverses the course of HAM/TSP when taken continuously over several years, and we believe our results are applicable to the general HAM/TSP patient population.
In conclusion, our study addressed for the first time the effects of daily (or alternatingly daily) oral corticosteroids in patients with HAM/TSP 1) at a low or Bmaintenance^dose; 2) compared with an Untreated group; and 3) over both the longand short-term. We aimed to help settle the controversy over this treatment's efficacy, and we have made great progress, though we still have not firmly established the treatment using Fig. 4 Rate of change in motor disability for patients in the BSteroids^vs BUntreated^groups. Box-and-whisker plots showing the rate of change in Osame Motor Disability Score (OMDS) over time (ΔOMDS/year) for patients in the Steroids (n = 57) and Untreated (n = 29) groups. Each point represents a single patient. Points are colored purple for patients evaluated over the Long-term (> 3 years) and orange for the Short-term (< 3 years). The rate of change in OMDS was calculated for each patient using the quotient: total change in OMDS over the period of evaluation/the duration of the period of evaluation in years. The distributions for the Steroid and Untreated groups shown were significantly different (p < 0.01), as determined using the Wilcoxon/Kruskal-Wallis test (normal approximation). Points are jittered for ease of viewing. In the box-and-whisker plots, the boxes extend from the lower quartile to upper quartile and are segmented by a line representing the median, which in this case is at 0 for both groups. The whiskers extend to the maximum and minimum values, excluding outliers (more than 3/2 times the value of the upper quartile or less than 3/2 the value of the lower quartile) Patients in the BSteroids^group were treated with prednisolone daily (or on alternating days), whereas those in the BUntreated^group were never treated during the period of evaluation. Data are summarized using patient counts and row percentages. Baseline OMDS refers to the OMDS at the start of each patient's evaluation. Outcomes are classified as improved (decrease in OMDS), no change, or worsened (increase in OMDS). The Steroids and Untreated groups were compared using the van Elteren test with significance set at p < 0.05, and the resulting p-value was 0.019 a placebo-controlled, double-blind clinical trial. Future studies must also be performed to clarify the relative effectiveness of PSL compared with other therapies, including IV mPSL, IFNs, steroid-sparing immunosuppressive drugs, antiretrovirals, monoclonal antibodies, and others (reviewed elsewhere [3, 31, 32] ). For our part, we found PSL to be considerably effective compared with nontreatment, and we advocate for its use to slow disease progression. That said, the preponderance of positive outcomes in the short-term over long-term reaffirms the principle that this treatment is designed to delay, not cure, the disease. Since the first of these PSL studies was performed on patients with HAM/TSP in the 1980s, researchers have elucidated much of the once-mysterious pathogenesis of HAM/ TSP, beginning with advent of the theory of bystander damage in 1993 [33] . While the catastrophic deregulation of the immune system is, indeed, central to the pathomechanism, it has also been suggested that specifically targeting the virusinfected T cells may now be possible [34] , may be more effective, and may even constitute a cure, and a clinical trial testing such a drug (mogamulizumab [35] ) is now underway at St. Marianna University. In the meantime, we are pleased to recommend long-term, low-dose daily PSL to reduce serious bystander damage in patients who tolerate the side effects well.
